C-type natriuretic peptide (CNP) dilates arteries, lowers blood pressure and inhibits proliferation of vascular smooth muscle cells via the type B natriuretic peptide receptor (NPRB). The CNP-NPRB system may play a crucial role in the development of cardiovascular disease. We recently determined the structure of the human NPRB gene. In the present study, our objectives are to identify the polymorphisms of the NPRB gene and investigate the association of this gene with essential hypertension (EH). We used the polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP) technique to study the NPRB gene polymorphism, and conducted an association study using a novel polymorphic marker. PCR-SSCP analysis of all 22 exons was done in 90 subjects, and abnormally-migrating bands were observed in the analyses of exon 11 and intron 18. Direct sequencing of these DNA fragments revealed the following sequence alterations: a C to T transition at nucleotide (nt) 2077 in exon 11 and a 9-bp insertion/deletion (I/D) in intron 18. PCR-restriction frag-
Introduction
The natriuretic peptide (NP) family consists of three peptides: atrial natriuretic peptide (ANP), brain natriuretic peptide (BNP) and C-type natriuretic peptide (CNP). Although ANP and BNP show high affinity for the type A NP receptor (NPRA), CNP selectively binds NPRB. 1 Both NPRA and NPRB are guanylyl cyclase receptors, and their activation increases cGMP levels, whereas activation of NPRC inhibits adenylyl cyclase activity.
2 NPRB binds primarily CNP, which is thought to cause vaso- dilation and to inhibit proliferation of vascular smooth muscle cells. 3 The human NPRB gene has been mapped to chromosome 9p21-p12. 4 The cDNA and deduced amino acid sequence of human NPRB have been described. 5 Genetic dissection is a powerful tool for determining the cause of a complex trait such as essential hypertension (EH), 6, 7 and clarifying the relationship between a gene and a disease may contribute to our understanding of the pathophysiological role of the protein encoded by the gene. Details of the genomic structure of a gene are essential for genetic studies; therefore, we recently determined the genomic structures of the human NPRA 8 and NPRB 9 genes. In the present study, we searched for mutations in all exons and surrounding introns of the human NPRB gene in Japanese subjects using polymerase chain reaction-single strand conformation polymorphism (PCR-SSCP) technique and examined the relation between a novel 
Subjects and methods

Subjects
Genomic DNAs were isolated from 90 EH patients and used for PCR-SSCP analysis. Genomic DNAs from 101 healthy subjects were used for genotyping the C2007T and I/D polymorphisms. Association study was performed in patients with EH (EH group) and in normotensive healthy control subjects (NT group). The EH group consisted of 123 patients, aged 49 ± 10 years (mean ± s.d.) with EH diagnosed according to the WHO/ISH criteria (Grades 2 and 3), which included a sitting systolic blood pressure (SBP) of more than 160 mm Hg and/or diastolic blood pressure (DBP) of more than 100 mm Hg. Individuals diagnosed as having secondary hypertension were excluded. The NT group consisted of 123 healthy subjects, aged 49 ± 9 years. The NT subjects had no family history of hypertension, their SBP was less than 140 mm Hg and their DBP was less than 85 mm Hg. A positive family history was defined as hypertension diagnosed in grandparents, parents or siblings. All subjects were recruited from the northern part of Tokyo, and informed consent was obtained from each individual according to a protocol approved by the Ethics Committee of Nihon University.
PCR-SSCP for detection of mutations or polymorphisms
We designed oligonucleotide primers based on sequence information (GenBank/EMBL/DDBJ accession numbers AB005626-47) for the introns surrounding each exon of the human NPRB gene. Cycling conditions were an initial denaturation at 94°C for 3 min followed by 30 cycles of 94°C for 30s, 63°C for 1 min, 72°C for 1 min and a final extension of 72°C for 10 min. PCR products were placed on ice after denaturation at 100°C for 5 min, and 2.5 laliquots were loaded onto nondenaturing 5% acrylamide gels. Each sample was separated with two different electrophoresis conditions: gels with 5% glycerol at room temperature for 3.5 h and gels without glycerol at 4°C for 2.5 h at 30 W constant power.
Direct sequencing of electrophoretic variants
DNAs from a subject with a variant electrophoretic pattern and from controls were reamplified by PCR using the above conditions (unlabeled primers). PCR products were purified with a Microcon 50 column (US Amicon Inc, MA, USA). Direct sequencing was performed with [r-32 P] dATP end-labeled primers from SSCP with a Thermo Sequenase kit (US Amersham Life Science Corp, OH, USA). To study the C2077T polymorphism in exon 11 by Ssp1 restriction fragment-length polymorphism (RFLP), we used primers for exon 11 (sense primer, 5Ј-GGC TAG ATG GGC AAG GGG TTG AT-3Ј; antisense primer, 5Ј-ACT TTG GGT CTA TCC TTC CCA CCC-3Ј) and the PCR conditions described above. A 308-bp fragment containing all of exon 11 as well as the 5Ј-and 3Ј-flanking intronic regions was amplified. This product was digested with a Ssp1 and run on 1.5% agarose gels. To examine the I/D polymorphism in intron 18, we performed PCR on the same cycling condition described above using the primers (sense primer, 5Ј-GGG ACC TGG GGA AGC CTC ATT GAT A-3Ј; antisense primer, 5Ј-GGT AAG GTG TGT GGG TTC AGG GAG AC-3Ј). We separated the I/D PCR products on 6% polyacrylamide sequencing gels. Electrophoresis was performed at 60 W constant power for 4 h and visualised by autoradiography.
Statistical analysis
Data are presented as mean ± s.d. Allele frequencies were calculated from the genotypes of all subjects. Hardy-Weinberg equilibrium was assessed by chisquare ( 2 ) analysis. Significant differences between the total number of alleles on all chromosomes for the EH and NT groups were assessed by 2 analysis with one degree of freedom. Differences in the clinical data between the EH and NT groups and between genotypes were assessed by analysis of variance (ANOVA) followed by Bonferroni's test. A P value less than 0.05 was considered significant.
Results
Characterization of polymorphisms SSCP analysis revealed abnormally-migrating bands for exon 11 and intron 18. Sequencing of exon 11 revealed a C to T transition at nt 2077 of the human NPRB gene. This mutation does not alter the amino acid sequence (Figure 1 ). This nucleotide change 
Frequency of novel polymorphisms in the human NPRB gene
The relationship between C2077T and I/D polymorphisms is shown in Table 1 . The heterozygosity indices of the C2077T and I/D polymorphisms in the healthy subjects were 43.7% and 33.3%, respectively. The C2077T polymorphism had complete linkage to the GT repeat in intron 2, 9 but the I/D polymorphism was not linked completely to other known polymorphisms in this gene.
Association study
Clinical characteristics of the EH and NT subjects are shown in Table 2 . Systolic and diastolic blood pressures, BMI, pulse rate and plasma concentration of total cholesterol were significantly higher in the EH group than in the NT group. Age and serum concentrations of creatinine and uric acid were not different between the two groups. The distribution of allele and genotype of the I/D polymorphism in the NT group and EH group are shown in Table 3 . The genotype distribution was in Hardy-Weinberg equilibrium and was not significantly different between the NT and EH groups ( 2 = 0.61, P = 0.73). The frequencies of the I and D alleles were not differ significantly between the two groups.
Discussion
Natriuretic peptides elicit a number of vascular, renal and endocrine effects that regulate extracellular fluid volume and blood pressure.
10,11 CNP dilates arteries, lowers blood pressure and inhibits proliferation of vascular smooth muscle cells via NPRB. Abnormalities in this receptor that leading to hypertension have been suggested by studies of spontaneously hypertensive rats, which have plasma CNP concentrations similar to those of normotensive Wistar-Kyoto rats. However, the vascular-relaxing action of CNP is markedly attenuated in these rats. 12 The association of the human NPRB gene with hypertension was not studied previously because little was known about the genomic organization of this gene. We recently determined the structural organization of the human NPRB gene. 9 In the present study, we systemically searched for mutations in the NPRB gene and found two novel polymorphisms: a C to T transition at nt 2077 in exon 11 and a 9-bp I/D polymorphism in intron 18. Gene polymorphism searches are considered essential for the genetic dissection of common diseases. Using this method, we found a nonsense mutation in exon 2 of the human prostacyclin synthase gene in members of a family who show EH and cerebral infarction; 13 Neyroud et al 14 identified more than 40 different mutations in the KCNQ1 gene in long QT syndrome using the same strategy.
In the present study, there were no significant differences in allele frequencies of the I/D polymorphism between the age-matched normotensive and hypertensive subjects, leaving little chance that this polymorphic marker is linked to the pathogenic EH gene. However, this negative result does not exclude the possibility that in EH there is another variant in or near the NPRB gene. 9 Detection of functional polymorphisms in areas other than the exons, such as 5Ј flanking region, may be needed to support a causative role for the NPRB gene in EH.
